Expression of target genes of nuclear factor E2-related factor 2 in the liver of dairy cows in the transition period and at different stages of lactation.
In the liver of dairy cows, the production of cytokines is enhanced during the periparturient phase, which in turn leads to inflammation and an impairment of hepatic function. Nuclear factor E2-related factor 2 (Nrf2) is a redox-sensitive transcription factor that controls the transcription of genes encoding various antioxidative and cytoprotective proteins. In the present study, we investigated the hypothesis that Nrf2 is activated in the liver of dairy cows during the periparturient phase to protect the liver against the deleterious effects of cytokines and reactive oxygen species. Therefore, we determined relative mRNA abundances of TNF (encoding tumor necrosis factor-α), various acute phase proteins and several Nrf2 target genes in liver biopsy samples of 20 dairy cows at each time point from 3 wk antepartum to 1, 5, and 14 wk postpartum. We observed an increase in mRNA abundances of TNF and acute-phase proteins [serum amyloid A 3 (SAA3), haptoglobin (HP), and C-reactive protein (CRP)] from 3 wk antepartum to 1 wk postpartum, indicative of a proinflammatory condition. Messenger RNA abundances of various Nrf2 target genes with antioxidative or cytoprotective functions [glutathione peroxidase 3 (GPX3); microsomal glutathione S-transferase 3 (MGST3); superoxide dismutase (SOD1); catalase (CAT); metallothioneins 1A, 1E, and 2A (MT1A, MT1E, and MT2A, respectively); NAD(P)H dehydrogenase, quinone 1 (NQO1); heme oxygenase 2 (HMOX2); and UDP glucuronosyltransferase 1 family, polypeptide A1 (UGT1A1)] were also greatly increased from 3 wk antepartum to 1 wk postpartum. From 1 wk postpartum to later lactation, mRNA abundances of all the Nrf2-target genes considered declined but remained at levels that were higher than those in 3 wk antepartum. No correlations were found, however, between plasma concentrations of nonesterified fatty acids or β-hydroxybutyrate and mRNA abundances of Nrf2 target genes, indicating that a negative energy balance might not have been the main factor responsible for upregulation of those genes in the liver during early lactation. In conclusion, this study provides additional evidence that the periparturient phase in dairy cows is associated with a proinflammatory condition in the liver. Moreover, it is shown for the first time that the transition from pregnancy to lactation leads to a strong upregulation of Nrf2 target genes with antioxidative or cytoprotective properties, which might be another physiologic means to prevent the liver against damage by the inflammation process and an increased generation of reactive oxygen species.